Abstract-The compact disc, a ubiquitous optical data storage medium, has been used as a rapid, low-cost, high-capacity screening platform for bioassays. It can be used as a very highdensity biomarker detection too. Ten different concentrations (0.32µg/mL to 1.6µg/mL) of streptavidin molecules were deposited on two biotin modified compact discs. The discs were scanned in a standard optical drive and the resulting reading errors were analyzed through a CD/DVD data recovery utility software, IsoBuster. The number of erroneous data sectors was found to be proportional to the concentration of streptavidin.
INTRODUCTION
The compact disc has been used as a microarray platform for extremely low-volume biological and chemical analysis. An optical storage drive and optical storage medium can serve as a high-density biomarker detection tool without any modification of the hardware of the system. H. Kido et al proposed to combine high-density microarrays applied via a piezoelectric inkjet applicator with circular indexing on a polycarbonate disc using a commercially available fluorescence scanner for detection [1] . A colorimetric method to detect multi-parametric DNA and numeric information on a double-sided CD was developed by Alexander et al [2] . Silver staining detection for increased reflectivity and concentration determination of Creactive protein (CRP) using a CD reader head mounted on the stage of an optical microscope was done by Lange et al. [3] . Specific digital data-based biomolecular detection was shown in Jones' work which employed cryptographic hash functions to achieve a CD-based color recognition [4] . More recently different forms of digital data have been used for the detection procedure. Y. Li et al used a protocol of reading error levels of prerecorded audio files to serve as a quantitative measure of biochemical interaction which shows about an order of magnitude more sensitivity than fluorescence labeling and scanning [5] .
II. DATA SCHEMATIC ON AN AUDIO DISC

A. Information storage
The information layer on a compact disc is in the form of lands and pits. The readout system of an optical drive employs a semiconductor laser (wavelength: 780nm for CD; 650nm for DVD), which read the bits (lands or pits) on a spiral track starting at the inside edge of the program band and running toward the outside edge of the disc. The laser beam passes through the transparent polycarbonate substrate with a refractive index of 1.55, reflects on the metalized data surface embedded inside the disc and passes back through the polycarbonate to be detected by a photo diode. The lands and pits selectively reflect or scatter incident light to modulate the intensity of the laser beam from the laser diode. The physically encoded data on the disc is recovered by the laser and later converted to an electrical signal [6] .
B. Hierarchy of data
The data on a compact disc is encoded as a frame structure. The audio or user data goes through a number of processes before being written onto a compact disc. The frame serves as a medium to distinguish between audio and user data types and their parity, synchronization word, and subcode. Before modulation is done a CD frame consists of a 27-bit synchronization word, 8-bit subcode, 182 data bits, and 64 parity bits. The data is encoded followed by grouping. The grouping is done in frames. After grouping the data an error correction encoding called the Cross Interleave Reed-Solomon code, (CIRC) takes place [6] . This uses a combination of interleaving and parity to make the data more resistant to storage-related errors. The CIRC encoding is followed by adding an 8-bit subcode symbol to each frame. The user data, parity and subcode data are put together and modulated using eight-to-fourteen modulation (EFM). Eight data bits are translated into blocks of 14 bits, to be known as channel bits. A synchronization pattern is added to each frame for recognition.
Total number of channel bits per frame after encoding is 588, : 24 synchronization bits, 336 data bits, 112 error correction bits, 14 subcode bits, and 102 merging bits. Due to the fact that a frame is too short for numerical applications and there is no provision for addressing, ninety-eight 24-byte frames are summed, thus the effective size for the data area becomes 2352. This 98-frame area is called a sector, and it forms the basic CD-ROM data unit. In the case of data other than audio, system data occupies 2048 bytes. The remaining 304 bytes are used for synchronization, headers, mode selection and extended error detection and correction. A 2352-byte block is divided into a 12-byte synchronization word, and a 4 byte
978-1-4244-3878-5/09/$25.00 ©2009 IEEEheader field used for time and address flags. The header contains 3 address bytes and a mode byte. The address bytes store location as time in minutes, seconds and frames (75 blocks per second). In this work we used the CD-R format which encompasses both CD-DA and CD-ROM applications. Figure 1 . shows the CD-R disc layout format which has a prerecorded lead-in area holding the TOC (table of contents), a pre-grooved program area to hold user-recorded information which consists of an optional prerecorded user table of contents (UTOC) area and recordable user data area. PCA (power calibration area), located prior to the lead-in area allows the recorder to automatically make test recordings to determine optimum laser power for data recording. In terms of disc dimensions, scanning velocity, encoding, error correction, subcode, and data structure, CD-R is identical to audio CDs. Figure 1 . CD-R format disc layout without prerecorded tracks [6] .
III. ERROR DETECTION AND CORRECTION
Error correction is paramount in the exact readout of the information that is present on a compact disc. Errors occur either in large groups, called burst errors, or in isolated instances, called random errors. The first line of defense for error correction is data redundancy. Data redundancy is extra information procured from original data. Data redundancy in correction codes are represented by a parity bit added to every data word. An error correction code called the Reed-Solomon code uses parity in addition to interleaving. A technique called interleaving is employed to guard against the very likely occurrence of burst errors. In this technique, information bits are redistributed in the bit stream to eliminate the presence of consecutive data. This technique is most relevant for long burst errors due to scattering. The cross interleaving technique involves the data to be interleaved numerous times, over short and long time intervals which provides correction for larger errors. The CD system uses the Cross Interleave Reed-Solomon code (CIRC) for error protection which consists of parity checking for random errors and cross interleaving to permit parity for burst errors.
IV. PROCEDURE
A. CD-R data on disc
A 700 MB compact disc (RiDATA, Silver-Silver CD-R) was written with audio data using Nero 7 Ultra Edition. This data consisted of a single audio file of size 5MB repeated 60 times (total memory occupied: 300 MB). Three exact copies of the CD-R were made. Two of the CDs were used for detection and the third was used to serve as the reference to compare the hexadecimal data of the erroneous sectors with clean sectors.
The two sample CDs were tested with 5 different concentrations each of streptavidin.
B. Biotin-streptavidin preparation and deposition 1) Theory
Biotin is a vitamin which has a strong affinity for streptavidin, a protein found in the bacteria Streptomyces avidinii. Being a tetramer, streptavidin forms a β-barrel and has four biotin binding sites in the interior of the barrel. The association between biotin and streptavidin is one of the strongest non-covalent biological interactions and has an association constant (K a ) of approximately 10 15 M -1 [6] . Due to the strong affinity of biotin for streptavidin, this type of interaction is often used as a diagnostic tool in biochemical assays.
2) Surface Activation
After irradiating the polycarbonate side of a CD with UV light in the presence of ozone for 20 minutes, a high density of carboxylic acid groups is generated on the CD surface. Aminomodified substrates such as aminated biotin can then be attached to the CD surface via amide coupling. This immobilization method is sufficiently mild so that the CD can still be read by a conventional CD drive.
3) Surface Patterning and Reaction
Microfluidic channels are used to create an array of binding sites for biological interactions. With the assistance of polydimethylsiloxane (PDMS) plates as shown in figure (2) with a microfluidic pool, an aminated biotin molecule can be covalently attached to the surface of the CD. After patterns of biotin probes are generated on the activated surface, the streptavidin-nanogold conjugates are introduced using another PDMS plate with microfluidic channels in a perpendicular orientation. This allows for the binding of the streptavidin with the immobilized biotin molecules to occur only at the overlapping regions, as shown in Figure. 2. The CD can then be examined for the interactions. Table . 1 shows the schematic of deposition with respect to concentration. Visual shading seen due to biotin-streptavidin deposition is shown in Figure 3 . 
V. ISOBUSTER
The IsoBuster software is a CD/DVD/BD/HD DVD data recovery tool which is compatible with multi-file systems, multi-hard media and multi-soft media. It has the ability to perform surface scans on any type of hard medium (CD/DVD/BD/HD DVD) to check for physical read errors. The data is distinguished into either Audio Tracks or Data Tracks. It identifies and saves lists of all the files that contain physical read errors. This utility is further exploited by the Single Sector Extraction utility which enables viewing of the exact sector and its erroneous data. The Sector Viewer gives the comprehensive logical block address to pinpoint the erroneous sector. It also displays the hexadecimal data of the sector, allowing a comparison of the erroneous data with the reference data.
A. Error detection
IsoBuster includes an option to create a list of all erroneous sectors of a file, track session or entire medium. Though this option displays the list of erroneous sectors, the errors will be detected only if the sector was truly read. The comprehensive procedure that we employed included performing full surface scans followed by extraction of the raw data from an erroneous file.
B. Error analysis
The first line of analysis involves performing a surface scan on the CD-R upon binding the biomolecules. It shows the tracks which are affected and the total number of errors occurring on the entire disc. Due to the presence of deposited strips, groups of tracks are flagged as erroneous as shown in Figure 4 . From each of the error-affected tracks an error list is created. This list shows the exact sectors which are affected by erroneous data. The number of sectors affected for the group is tabulated. To ensure that the error shown is genuine, the sector view showing the hexadecimal data of the erroneous sector was compared with the hexadecimal data of the same sector present on the reference CD. Comparison between unaffected sectors and the sectors with the same logical block address (LBA) from the reference CD showed no change in hexadecimal data.
VI. RESULTS AND DISCUSSION
On the first CD 1508 erroneous sectors, as shown in Figure 5 , were detected. IsoBuster gives the option of scanning the erroraffected tracks to procure the exact number of erroneous sectors. The number of errors from the sectors affected in a group and the concentration of streptavidin were graphed as shown in Figures 6 and 7 . Each data point represents the errors present on a single strip. The plot shows a monotonic increase in errors with the analyte concentration. The 5 th and the 6 th strip have the same concentration as shown in Table 1 . With the second CD the general trend of the graph is similar to the profile of the first CD. 
VII. CONCLUSION
Ten different concentrations of streptavidin ranging from 0.32µg/mL to 1.6µg/mL were detected on two Silver-Silver CD-R discs utilizing IsoBuster to log the exact erroneous sectors of 6 strips of different concentrations on each CD. Comparison of the raw hexadecimal data of the erroneous sectors with the clean sectors of the same logical block address showed a change in data suggesting the presence of errors. In contrast, data from the sample disc and the reference showed no changes. This technique exhibits the ability to detect the exact location of the deposited conjugates and quantize the errors in relation to their concentration. The graph of erroneous sectors versus concentration showed a monotonic increase of errors with concentration. Further experiments are being performed to set up a high density microarray for biomolecule or pathogen detection for screening leading to a low cost; fast turnaround lab on a chip protocol.
